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Introduction
============

Intraoperative tachyarrhythmias are common and affect an estimated one million elderly American patients annually \[[@REF1]\]. They are associated with significant morbidity and mortality, especially in elderly individuals with multiple co-morbidities \[[@REF1]-[@REF4]\]. In susceptible patients with pre-existing cardiovascular disease, even transient episodes of tachycardia can lead to significant myocardial ischemia secondary to reduced diastolic filling time. Intraoperative tachyarrhythmias, thus, must be corrected quickly and appropriately to reduce the risk of potentially fatal cardiac events.

However, medical errors in the intraoperative setting are common, and up to 11% of errors involving critically ill patients may be life-threatening \[[@REF5]\]. Cognitive aids have been shown to positively influence the outcome of critical events by increasing immediate access to resources, and decreasing reliance on rote memory, which helps to reduce medical errors \[[@REF6]-[@REF7]\]. Operating room emergency manuals (EMs) are cognitive aids that contain current, medically established guidelines on the management of specific perioperative critical events \[[@REF8]\]. The use of operating room EMs has been shown to reduce medical error and maximize productivity by allowing healthcare providers, especially anesthesia professionals, to respond more confidently and collaboratively to critical events \[[@REF9]-[@REF11]\].

Case presentation
=================

An 89-year-old male presented to the ED with abdominal pain, nausea, vomiting, and constipation of four days duration. His past medical history included hypertension, hyperlipidemia, type 2 diabetes mellitus, stage 3 chronic kidney disease, atrial fibrillation, and coronary artery disease with a prior coronary artery bypass graft. On exam, he was hypotensive and tachycardic with diffuse rebound tenderness and muscle guarding. Cardiopulmonary exam was otherwise benign. The patient was admitted to the hospital and received conservative treatment for bowel obstruction. His atrial fibrillation was treated with diltiazem 10 mg and metoprolol 5 mg. However, conservative management did not relieve his bowel obstruction, and exploratory laparotomy was scheduled. His preoperative cardiac work-up revealed an ejection fraction of 35%, and his pre-operative labs were significant for a hemoglobin of 9.7 g/dL (13.5-17.5 g/dL), but otherwise within normal limits. The patient was categorized as American Society of Anesthesiology Class IV.

The patient's preoperative blood pressure was 130/75 mmHg, and his atrial fibrillation was under control with a heart rate of 89 beats per minute. The patient was brought to the operating room with standard monitors applied, and anesthesia was induced in the supine position with etomidate, fentanyl, and rocuronium. After intubation, anesthesia was maintained with sevoflurane in 100% oxygen. Left radial artery was cannulated with 20G cannula. The patient remained hemodynamically stable until three hours post-induction, when he became hypotensive at 65/40 mmHg. Intravenous (IV) normal saline and intermittent phenylephrine were administered. Subsequently, a central venous catheter was placed in the right internal jugular vein under ultrasonic guidance for additional IV access and central venous pressure (CVP) monitoring. After 5,000 mL of IV isotonic fluid, his CVP was elevated at 10 mmHg (2-8 mmHg) and his blood pressure remained low. Arterial blood gas analysis showed pH of 7.4, PaCO2 of 42 mmHg, PaO2 of 272 mmHg (80-100 mmHg), and HCO3 of 26.3 mEq/L (22-28 mEq/L). His hemoglobin was 9.7 g/dL. Electrocardiogram (ECG) showed atrial fibrillation with rapid ventricular response at 120-140 beats per minute (Figure [1](#FIG1){ref-type="fig"}). The patient also received additional IV fentanyl to treat possible surgical pain.
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To provide the best care to the patient, the attending physician and senior resident used the Stanford Anesthesia Emergency Manual checklist on the management of supraventricular tachycardia to guide the treatment. Multiple doses of 100 mcg bolus of phenylephrine were administered. The anesthesiologist then administered 20 mg of esmolol to temporarily control the tachycardia, with continued intermittent phenylephrine, which resulted in blood pressure stabilization with the mean arterial pressure (MAP) restored to greater than 65 mmHg. The patient was placed on an esmolol infusion at 50 μg/kg/min to maintain MAP for the remaining intraoperative time. During the operation, the patient was given total of 7,000 mL of IV normal saline. The patient was transferred to the post-anesthesia care unit with an endotracheal tube in place. His postoperative vital signs were significant for hypotension (102/63 mmHg) and tachycardia (138 bpm). Cardiology was consulted. The patient required continuous diltiazem for hemodynamic stability in the post-anesthesia care unit, where he was eventually transferred to the ICU. His remaining post-operative course was uneventful with no post-operative complications.

Discussion
==========

Intraoperative tachyarrhythmias are relatively common, but can lead to significant morbidity and mortality if not managed timely and appropriately \[[@REF1]-[@REF4]\]. Intraoperative supraventricular tachycardia with narrow QRS complexes can be treated with immediate synchronized cardioversion, adenosine, beta blockers, or nondihydropyridine calcium channel blockers, or some sequence or combination of these treatment modalities \[[@REF12]-[@REF13]\]. The entire clinical picture must be considered when deciding the best treatment modality for a patient because factors such as volume status, cardiac contractility, patient co-morbidities, and the feasibility of certain modalities often alter management.

Under normal circumstances, the anesthesiologist can use knowledge and experience to guide the management of uncomplicated intraoperative tachyarrhythmias. However, in the presented case, the patient developed an episode of supraventricular tachycardia and hypotension which was refractory to IV fluids and phenylephrine alone. Fortunately, the anesthesiologist decided to reference an EM before continuing with further management, rather than relying on rote memory. Although the initial decision of rate control with pharmacologic therapy versus immediate synchronized cardioversion typically depends on hemodynamic instability, electrical cardioversion would have mechanically interfered with critical steps of the exploratory laparotomy and was to be avoided in this circumstance unless deemed absolutely necessary \[[@REF12]-[@REF13]\]. The decision of which pharmacologic agent to use for rate control was ambiguous, as all three first-line agents can potentially lower blood pressure through different mechanisms. The Stanford Anesthesia EM allowed rapid identification of the most appropriate treatment option for this specific clinical scenario, which was esmolol \[[@REF13]\]. The use of esmolol ultimately resolved the patient's tachyarrhythmia and stabilized his blood pressure to a MAP \> 65 mmHg.

The EMs are cognitive aids that help reduce medical error by providing immediate access to current, medically established guidelines on the management of intraoperative complications \[[@REF8]\]. In our institution, each anesthesia station has one hard copy of the EM and most trainees have downloaded the digital copy on their smartphone for immediate use. Multiple simulation trainings of EM use have been conducted. EMs have been shown to improve the clinical outcome of critical events and reduce the incidence of missing key steps during crisis management \[[@REF6], [@REF14]\]. EMs also increase teamwork, efficiency, collaboration, and confidence \[[@REF9]-[@REF11], [@REF14]-[@REF16]\]. In the patient's case, the use of an EM directly improved patient care and avoided any adverse event that may have occurred with selection of a different pharmacologic agent.

Conclusions
===========

The effective application of an EM to the management of intraoperative supraventricular tachycardia with refractory hypotension resulted in hemodynamic stabilization with no further complications. This case adds to the growing body of evidence that EMs should be readily available for utilization in critical events, as they improve patient care by providing immediate access to guideline-based resources and thus decreasing reliance on rote memory.
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